Introduction
Benzene-induced hematotoxicity is poorly understood. Several hypotheses regarding potential mechanisms of benzene hematotoxicity have been based on results of in vivo experiments that investigated only one or two parameters of hematopoiesis. Most proposed mechanisms of benzene-induced effects such as cytotoxicity, apoptosis, mutagenesis, and cell replication can be demonstrated in vitro at relatively high concentrations of benzene metabolites (1, 2) . Benzene effects in vitro do not necessarily correlate with benzene-induced hematotoxicity following in vivo exposures to low concentrations, since in vitro assays of hematopoiesis lack the complex hematopoietic cell interrelationships, fine-tuned regulation, and compensation mechanisms that are essential in normal hematopoiesis.
The association of severe bone marrow damage, as manifested by aplastic anemia, with the progression to acute myeloid leukemia (AML) that has occurred in some humans exposed to high concentrations of benzene (3, 4) 
Methods
Male B6C3F1 12-week-old mice inhaled 0, 1, 10, 100, or 200 ppm benzene for 6 hr/day, 5 days/week for 1, 2, 4, or 8 weeks. Animals were removed from the inhalation chambers at each sampling time following the last scheduled exposure and were immediately evaluated for hematotoxicity and mutagenicity. Several stages of hematopoietic cell replication, differentiation, and maturation starting at a very primitive progenitor-cell compartment in the bone marrow through to the mature cells in the blood were examined. Bone marrow from individual mice was evaluated for number and replication of high proliferative-potential cells (CFU-HPP) using a previously described culture assay (5) . The number of granulocyte and macrophage (CFU-GM), as well as erythroid cells (CFU-E) were evaluated using agar culture (6) and a complete methylcellulose medium (StemCell Technologies, Vancouver, BC), respectively. The number and replication of erythropoietic cells, granulopoietic cells, and B lymphocytes in the bone marrow were evaluated using monoclonal antibodies to surface antigens and BrdU incorporation. Stromal cells in the bone marrow were evaluated by counting adherent cells after 24 hr in culture. Conventional hematology parameters were recorded including reticulocyte counts. The frequency of mnicronucleated Environmental Health Perspectives -Vol 104, Supplement 6 * December 1996reticulocytes and erythrocytes in the bone marrow and blood were analyzed by flow cytometry and manual counts (7) .
For each sampling time, the data from each benzene exposure group were compared to the controls using Dunnett's one-way analysis ofvariance (ANOVA).
Results
Inhalation of 1 ppm benzene extending over an 8-week period did not cause statistically significant changes in any of the parameters assessed compared to controls.
At 10 ppm, benzene also caused a transient decrease in the number of splenic B lymphocytes at 2 weeks with a return to control numbers at 4 weeks.
Exposure of mice to 100 and 200 ppm benzene for 5 days caused a reduction in the number of differentiating and maturing cells of the three major lineages (B lymphocytes, granulocytes, erythrocytes) in the bone marrow, splenic lymphocytes, blood reticulocytes and erythrocytes, and blood leukocytes. The number of maturing B lymphocytes decreased progressively in the bone marrow of mice exposed to 200 ppm benzene over the 8 weeks of exposure (Figure 1 ). An increase in the number of B lymphocytic cells in the mice exposed to The present study suggests that decreased number of B lymphocytes and maturing erythrocytes, and increased frequency of micronucleated reticulocytes are sensitive indicators of benzene-induced hematotoxicity. The decreased number of blood reticulocytes was a useful parameter to measure in an acute exposure (1-5 days), whereas the decreased number of femoral or splenic B lymphocytes and increased frequency of femoral micronucleated reticulocytes were measurable effects for a longer period (up to 8 weeks). Two weeks of exposure was the optimal timepoint to assess benzene damage for most of the parameters evaluated in this study, because bone marrow compensation by increasing progenitorcell replication and replenishing cell loss appears to be occurring during continued exposure to benzene.
